The conventional formulations of vaginal drug delivery systems (VDDS) are associated with poor retention due to the self-cleansing action of vaginal tract, leading to poor compliance (7) . To overcome this problem, bioadhesive polymers are added to VDDS. Bioadhesive polymers can hold the drug delivery systems in the vaginal tube by interacting with vaginal mucosa and thereby increase patient compliance as well of delivery system efficiency (8, 9) .
Bioadhesive polymers like hydroxypropyl methylcellulose (HPMC), sodium carboxymethyl cellulose (Na-CMC), xanthan gum, guar gum, sodium alginate show good stability in the wide range of pH 3-10 and are hence good candidates for vaginal drug delivery systems at pH 3.8-4.5. The drugs clotrimazole and metronidazole were selected because they are broad-spectrum antimicrobial agents (10, 11) and spores of Lactobacilli were added in the formulation to restore healthy microbial flora and acidic pH of the vagina (3, 12) .
EXPERIMENTAL

Materials
Metronidazole, clotrimazole and Lactobacillus acidophilus spores were obtained as gift samples from Lark laboratories (India). Commercially available intravaginal formulations (Candid V -2% gel of clotrimazole in inactive gel base produced by Glenmark Pharmaceutical Ltd. India and Canesten1 -10% cream of clotrimazole in inactive cream base produced by Bayer, Germany) were purchased from the market. Bioadhesive polymers and monosodium citrate were obtained as gift samples from Ranbaxy (India) and Oscar Laboratories (India), respectively. Other chemicals used were of LR grade and immediately used after procurement. TAXT2i/Texture analyzer of Stable Microsystems was used to measure in vitro bioadhesion. The gel pH was measured using a surface pH electrode Orion 9135AP model, Aqua Pro flat surface pH (Thermo Electron Corporation, UK).
Preparation of simulated vaginal fluid
Simulated vaginal fluid (SVF) was prepared by dissolving sodium chloride, potassium hydroxide, calcium hydroxide, bovine serum albumin, lactic acid, acetic acid, glycerol, urea and glucose in water; pH was adjusted to 4.2 by using 1 mol L -1 HCl (13).
Gels
Metronidazole was dissolved in water followed by dispersing the polymers. Carbopol and polycarbophil gel was prepared by neutralization with sodium hydroxide. Gels of cellulose derivatives and natural polymers (gums, alginate) were prepared by overnight soaking of the polymers for complete hydration. Clotrimazole and methylparaben were dispersed in the swelled gel under stirring. These gel formulations were developed to study the effect of individual gelling polymers on the drug release behavior. Gels of individual polymers were named GA, GB, GC, GD, GE, GF, GG, and GH and their compositions are given in Table I .
Combination gels
In combination gels, prolonged release polymers as well as fast eroding/swelling polymers were used and their effects on drug release and gel properties were optimized. Compositions of combination gels are given in Table II .
Modified dissolution apparatus
The USP dissolution apparatus II (14) was modified for release studies of gels. A circular, 2.38-mm mesh stainless steel net of 8.0 cm diameter was placed at the bottom of the dissolution vessel. A stainless steel plate of 5.5 cm internal diameter and 5 mm height, with 5 g gel, was placed on the wire net (15) . The paddle was set at the height of 2.5 cm from the gel surface. The dissolution medium (900 mL) for gels and combination gels was 0.5% (m/V) solution of sodium lauryl sulphate in water. For acid buffering gel, the dissolution medium was 900 mL of simulated vaginal fluid with 0.5% (m/V) sodium lauryl sulphate. Paddle speed was set to 50 rpm and the temperature was maintained at 37 ± 0.5°C. The sampling volume was replaced by fresh dissolution medium.
In vitro adhesion tests
The in vitro mucoadhesive properties of combination gels were assessed on bovine vaginal mucosa, using a TAXT2i Texture Analyzer. The test parameters were: pretest speed 0.5 mm s -1 , test speed 0.1 mm s -1 , contact time 3.0 min, preload 1 N, load cell 500 N, diameter of upper probe 36 mm. The experiment was carried out at room temperature. The vaginal mucosal tissue was cleaned, washed and stored at -20°C. The stored vaginal tissue was treated with 0.1% (m/V) sodium azide and allowed to reach normal temperature before commencement of the experiment. Preserved, cleaned and thawed vaginal mucosa was incised longitudinally just before the experiment. Vaginal tissue was mounted on the platform below the texture analyzer probe. A cellophane membrane, equilibrated with SVF at room temperature for 24 hours was tied to the upper probe. Surface of vaginal mucosa was moisturized with simulated vaginal fluid and gel was applied. The test was run after completing the pre-test requirements.
Development of an acid buffering prolonged release bioadhesive gel
Composition of ABBV gel is given in Table III . The ingredients metronidazole, monosodium citrate, Lactobacilli, methylparaben and glycerin were dispersed in water. The polymers were dispersed in this solution under stirring and the composition was allowed to swell for 24 h. Finally, clotrimazole was mixed under stirring into the swollen gel.
Apparatus for ex vivo retention studies
The apparatus for ex vivo retention studies consisted of a glass cell, peristaltic pump, beaker, thermometer, magnetic stirrer and vaginal mucosa. The cell was a glass tube (length 11.0 cm, external diameter 5.0 cm) with openings at both ends; the diameter of the upper opening was 2.4 cm and 1.0 cm of the lower opening. The edges of upper and lower openings were molded to aid in tying the tissue properly. Two small side arms were present at both ends of the glass cell, placed 4.5 cm apart from each other; the lower side arm was used as inlet and the upper as outlet. Distilled water was circulated through these side arms into the glass cell by a pump. A peristaltic pump was used to circulate the SVF through the vaginal tract. Temperature of SVF and the circulating liquid was maintained at 37°C. Apparatus for ex vivo studies was a modified version of the Setnikar and Fantelli apparatus (16) .
Ex vivo retention measurement
An intact tubular piece of processed and preserved bovine vaginal mucosa was cut to proper size and vertically mounted in a glass cell. The ends of the vaginal mucosal tube were averted on the tapering of the upper and lower ends of the glass cell and crimped using rubber bands so that both ends of the vaginal tube remained open. Distilled water (37°C) was circulated through the cell using a pump. This circulating water maintained the temperature, equivalent to body temperature, and kept the tissue moist from the outside. The 5 g acid buffering bioadhesive gel/Canesten-1 cream was inserted into the vaginal tube using an applicator. After putting the formulation inside the vaginal tube, a preload time of five minutes was allowed so that the formulation got adhered to the vaginal walls. Simulated vaginal fluid was allowed to fall dropwise into the vertically suspended vaginal tube holding the formulation, using a peristaltic pump. The rate of simulated vaginal fluid was maintained at 3 mL h -1 and expulsion of the formulation was recorded from the lower end of the cell.
pH determination
The pH of the acid buffering bioadhesive gel was measured by putting the tip of surface electrode to the gel surface and the results were taken as a mean of three determinations. 
Measurement of gel spreadability
Concentric circles of different radii were drawn on graph paper and a glass plate was fixed onto it. Gel (5.0 g) was transferred to the centre of the lower plate and spread over an area of 2 cm diameter. The glass plate of 100 ± 5 g was placed gently on the gel and the spread diameter was recorded after 1 minute; subsequent glass plates were added and the spread diameter was recorded after 1 minute of each addition. Results were presented as the spreading area being a function of the applied mass (17) . Spreadability of the developed formulation was compared with the commercial formulation Candid-V gel.
Antifungal and antimicrobial studies
The in vitro antimicrobial studies were carried out by the cup plate method using Candida albicans and Escherichia coli microorganisms.
Sterilized Sabouraud's agar/nutrient agar medium (25 mL) was poured into sterilized Petri plates (diameter 15 cm) under laminar air flow and allowed to solidify. The 0.4 mL aqueous suspension of Candida albicans/Escherichia coli was spread uniformly on solidified Sabouraud's agar/nutrient agar medium. The cups were cut and formulations were filled into different cups using sterilized syringes, under laminar air flow. Plates were covered with lids and incubated in BOD at 32°C for 40 hours. The zones of inhibition were measured after 40 hours.
RESULTS AND DISCUSSION
Gels and combination gels
Gels with particular polymers were prepared to study the effect of each polymer on the release profile (Table IV) . The gels GA (Na-CMC, 4%), GB (HPMC-K15M, 4%), GC (HPMC-K100M, 4%), GF (xanthan gum, 5%), GG (Carbopol-971, 1%), and GH (polycarbophil, 1%) released more than 95% of metronidazole within 3 h. All these gels except GA released 100% of clotrimazole within 4 h. In gels GA, GB, GC, GF, GG and GH, the dissolution or erosion of the gelling polymer was rapid and most of the gel got dissolved within 4 h. Sodium alginate (GD) and guar gum (GE) gels showed integrity beyond 7 h and did not dissolve completely even after 7 h. In gels with particular polymers, the release of metronidazole was faster compared to clotrimazole since metronidazole was in solution form in the gel matrix whereas clotrimazole was suspended in the hydrophilic gel matrix. Guar gum and sodium alginate were selected as a stable base forming material in combination with other fast dissolving polymers so that the integrity of the gel could be maintained up to 5 h.
Combination gels, namely gels with a combination of polymers showed prolonged release dissolution profiles (Table V) . The prolonged integrity and release from these gels (gel-G1 to gel-G14, gels with different polymer ratios) were achieved by using guar gum or sodium alginate as rigid gel structure forming agents. As the erosion/dissolution of guar gum and sodium alginate gels is very slow, fast dissolving/eroding polymers were used in combination with these slow eroding polymers in different composi- tions to improve the release pattern of the drugs. To further retard the release of the water-soluble drug metronidazole, the drug was mixed with ethyl cellulose (3%) using isopropyl alcohol as granulating agent. The release profile of gels G1 to G6 was prolonged and almost similar, because the polymers used in these gels had almost identical dissolution behavior (HPMC and Na-CMC) and a strong structure forming property (guar gum and sodium alginate) (G1 guar gum 2% + Na-CMC 2%, G2 guar gum 2% + HPMC-K15M 2%, G3 guar gum 2% + HPMC-K4M 2%, G4 Na-alginate 2% + HPMC-K15M 2%, G5 Na-alginate 2% + Na-CMC 1.5% and G6 Na-alginate 2% + HPMC-K4M 2%). The release of the drug from gels G7 and G8 containing xanthan gum was more prolonged compared to gels G1 to G6 (G7 xanthan gum 2% + guar gum 2% and G8 xanthan gum 2% + Na-alginate 2%). As the erodability and swelling nature of xanthan gum are lower than those of Na-CMC and HPMC, the release through gels containing xanthan gum was prolonged. In gels G9 and G10, the amount of structure forming agents (guar gum or Na-alginate) was kept constant (2%) but the fast dissolving polymer (HPMC-K4M) was used in combination, so that an aesthetic and desirable gel with good bioadhesive strength could be achieved (G9 xanthan gum 1%, HPMC-K4M 1% + guar gum 2% and G10 xanthan gum 1%, HPMC-K4M 1% + Na-alginate 2%). The release profile of gels G9 and G10 was more or less similar to gels G1 to G6. Physical incompatibility was observed in G11 to G14 (G7 xanthan gum 2% + guar gum 2% and G8 xanthan gum 2% + Na-alginate 2%); the gels turned yellow when carbopol and polycarbophil were neutralized by sodium hydroxide in the presence of guar gum or sodium alginate. The release profiles of these gels were much prolonged.
In vitro bioadhesion
The force required to detach the formulation from the surface of tissue was determined as the »peak value« in the resultant force-time plot (Fig. 1) . The bioadhesive strength of combination gel formulations is given in Fig. 2 . The bioadhesive strength of G9 formulation was found to be 0.524 N, pointing to good bioadhesion. Release profile of G9 gel was prolonged and uniform for both drugs. The G9 formulation was selected for the development of an acid buffering bioadhesive vaginal gel formulation. 
Acid buffering bioadhesive vaginal gel
On the basis of its drug release profile and bioadhesive strength, the gel formulation G9 was selected for the development of an acid buffering prolonged release bioadhesive gel. Metronidazole, clotrimazole and Lactobacilli were used as a broad-spectrum combination. Monosodium citrate was used to maintain pH 4.4 of the acid buffering prolonged release bioadhesive gel (18) . Guar gum was used in the formulation to provide a rigid gel and a prolonged releasing component. Xanthan gum and HPMC-K4M were used to provide smoothness and better spreadability along with improved release properties. All of these bioadhesive polymers are stable over a wide range of pH (3) (4) (5) (6) (7) (8) (9) (10) . In the ex vivo experiment, the ABBV gel retention time was up to 12-13 h. The developed ABBV gel showed more resistance to viscosity changes due to SVF absorption and thus showed better retention than the commercial vaginal gel/cream which started to leak within 5-6 h. Besides, creams do not have the capacity to absorb and hold fluid since bioadhesive gels do and leak out when the surface of the vaginal wall gets lubricated by simulated vaginal fluid. Good spreadability of the semisolid formulation is required for better action. Spreadability of the developed gel was found to be poor compared to commercial gel (Candid-V gel) (Fig. 3) . The reason for poor spreadability of acid buffering gel was its high viscosity and the presence of the rigid gel forming agent, guar gum. These parameters speak in favor of better bioadhesion and prolonged retention of the gel. Almost 100% drug released from the ABBV gel, within 6 h while only 84% drug released from Candid-V gel in 6 h (Fig. 4) . Physical appearance of the gel was evaluated with naked eye. The gel was smooth, without any lumps and of uniform white color. No color change/liquefication/separation were observed after six-month storage at 40°C, 75% RH. 
Antimicrobial studies
The in vitro efficacy of the developed ABBV gel was compared with commercial gel/cream formulations. Developed gel was found to be more effective in in vitro conditions. The average zone of inhibition of the developed ABBV gel against Candida albicans was 32.3 ± 0.6 mm compared to 25.3 ± 0.6 mm and 25.3 ± 0.6 mm of commercial formulations Canesten-1 and Candid-V gel, respectively, indicating significantly higher efficacy of ABBV gel (p > 0.001). Average zone of inhibition of the developed ABBV gel against E. coli was 23.0 ± 0.0 mm compared to 21.0 ± 0.0 mm of Candid-V gel. From the results of in vitro antimicrobial activity it is clear that the developed ABBV gel was more effective than the tested commercial formulations.
CONCLUSIONS
An acid buffering bioadhesive vaginal gel was developed for the treatment of single as well as mixed vaginal infections. The developed bioadhesive gel was found to have prolonged ex vivo retention. The in vitro results of antimicrobial activity suggest that the acid buffering bioadhesive gel was more efficacious than the commercial formulations tested.
Acknowledgements. -The authors are thankful to U. G. C. New Delhi (India), for providing financial assistance. The authors are also thankful to Mr. Praveen Sharma (Manager, Scientific and Digital Systems) and Mr. Anuranjan Pandaya (Application Engineer) for providing the TAXT2i Texture Analyzer of stable Microsystems for in vitro bioadhesion studies. We also thank Mr. Bibhu Prasad Panda (Lecturer) and Mr. Sadique (Scholar), Department of Biotechnology for their kind support during antimicrobial activity. 
